inaccurate dietary reporting. Providers who take dietary histories in patients with diabetes may need to consider numeracy in their assessment of dietary intake. D iabetes self-management skills such as planning and assessing dietary intake, monitoring blood glucose, and calculating and administering medication doses are often heavily dependent on accessing, understanding, and processing complex health information. In the United States, an estimated 90 million Americans have basic or below-basic literacy skills, and 110 million have limited numeracy skills. 1 Numeracy, a distinct component of health literacy, is the ability to understand and use numbers in daily life. 2, 3 Individuals with low health literacy may have difficulty following instructions, understanding health information, and performing self-care tasks. 4 Specifically for patients with diabetes, low literacy has also been associated with worse disease knowledge and poorer clinical outcomes. 5, 6 In addition, lower diabetes-related numeracy has been associated with poorer diabetes self-management and worse glycemic control. 7 Health literacy and numeracy skills are fundamental to understanding nutrition information and can affect comprehension of nutrition labels and portion size information. 8, 9 Healthy eating and nutritional management are recognized by the American Diabetes Association and the American Association of Diabetes Educators as critical elements of diabetes prevention and management. 10, 11 Diabetes educators, registered dietitians, and other nutrition professionals play an integral role as part of the patient's diabetes care team by assessing self-care behaviors and teaching knowledge and self-management skills. 12, 13 Assessment of dietary intake, dietary modification, and healthy eating are critical components of both diabetes self-management education and training (DSME/T) and medical nutrition therapy (MNT). 11, 14, 15 The American Association of Diabetes Educators recommends individualization of DSME/T and MNT on the basis of an individual's literacy and learning style. 14, 15 Low numeracy in particular may influence an individual's energy and macronutrient intake and pose a significant barrier to understanding and executing dietary recommendations.
A comprehensive dietary assessment is essential for the design and implementation of individualized nutrition interventions and evaluation of progress over time. 13 In the research setting, the quantitative assessment of dietary intake frequently utilizes food frequency questionnaires (FFQs) because of their low cost and relative ease of administration. 16 FFQs ask participants to estimate portion sizes and the frequency of dietary intake of diverse food items. Concerns exist regarding respondents' accuracy in quantification of food intake on FFQs, 16 and this is often reflected in reports of dietary intake that are much higher or lower than expected. Little is known about the relationship between numeracy and the accuracy of reporting on FFQ instruments.
The primary aim of this study is to describe the association among numeracy, total energy, and macronutrient intake in type 2 diabetes. A secondary aim of this study is to examine the association between numeracy and selfreports of outlying energy intake on a FFQ.
Methods

Study Design
A cross-sectional analysis was conducted on baseline data from 150 patients with type 2 diabetes who were enrolled in a randomized controlled trial between April 2008 and October 2009 that evaluated approaches to nutrition education. Patients failing to complete the FFQ (n = 6) were excluded. Patients were recruited from primary care clinics at the Vanderbilt University Medical Center. Eligible patients were 18 to 85 years old, English speaking, with type 2 diabetes and with most recent hemoglobin A1C greater than or equal to 7.0%. Exclusion criteria included visual acuity worse than 20/50, dementia, and the use of flexible insulin dosing based on carbohydrate counting. The Vanderbilt University Institutional Review Board approved the study protocol, and all participants provided written informed consent.
Primary Predictor
The primary exposure variable was each patient's diabetes numeracy score. Diabetes-related numeracy skills were measured with the validated 15-item Diabetes Numeracy Test (DNT) at the time of enrollment. 17 The DNT assesses an individual's ability to apply basic math skills to solve nutrition and diabetes self-care calculations, including interpretation of nutrition labels and calculation of insulin doses. The DNT was administered by a trained research assistant. Patients were allowed to use calculators as needed, and no time limit for completion of the test was imposed. The DNT was scored as the percentage of items answered correctly (range, 0%-100%) with missing items considered incorrect responses.
Primary Outcome
The primary outcome was the percentage of daily energy intake from carbohydrates. Carbohydrate intake was chosen as the primary outcome because of the frequent focus on carbohydrate intake in DSME/T and MNT education about healthy eating. Secondary outcomes included total energy intake in kilocalories per day (kcal/d) and the percentage of daily energy intake from protein and fat. Dietary intake was measured by the Block Brief 2000 Food Frequency Questionnaire (Block FFQ), 18 which was modified to assess dietary intake in the past 30 days. The Block FFQ assesses dietary intake of 60 food items, requires approximately 17 minutes to administer in an interview setting, and has been validated. 19 The Block FFQ was administered in paper format by a trained research assistant. Block FFQ forms were subsequently analyzed and converted to estimated average daily macronutrient intakes by Nutritionquest (Berkeley, California). 18 As in previous studies using FFQ data, men and women reporting implausible total energy intake on the Block FFQ were excluded from this analysis (< 800 or > 4200 kcal/d for men, n = 7; < 500 or > 3500 kcal/d for women, n = 8). 20, 21 Other variables, including patient characteristics and hemoglobin A1C, were collected by patient self-report and medical record review by a trained research assistant. Health literacy was evaluated with the Rapid Estimate of Adult Learning in Medicine.
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Statistical Analysis
Given the small sample size and nonnormal distribution of data, nonparametric analyses were utilized to calculate descriptive and bivariate statistics, including median and interquartile range (IQR). Rank-sum, Pearson χ 2 , or Fisher exact tests were used as appropriate. For bivariate analyses, as in previous analyses, patients were dichotomized by DNT score comparing the lowest quartile of numeracy score with the remaining quartiles. 7 The association between continuous DNT score and percentage daily carbohydrate intake was assessed with multivariate linear regression models adjusting a priori for age (continuous), sex, race (white vs nonwhite), and annual income (< $20 000 vs ≥ $20 000). Education and literacy were excluded from models owing to a high degree of collinearity and the potential for overadjustment. 23 These models were also applied for secondary outcomes of total energy intake and percentage daily energy intake due to protein and fat. A log transformation of total daily caloric intake was performed for regression analysis because of its nonnormal distribution; however, results were back-transformed into kilocalories per day for reporting. Results of multivariate linear regression models were reported as a change in intake associated with an absolute 25% decrease in DNT score. Statistical significance was defined as P < .05. Statistical analyses were conducted with Stata 10.0 (StataCorp, College Station, Texas).
Analysis of Numeracy and the Accuracy of FFQ Reporting
Given that low numeracy has been associated with inaccurate portion size estimation, 8 the relationship between numeracy and the report of extreme caloric intake 20, 21 was also examined to investigate possible reporting inaccuracies on the FFQ. The characteristics of patients excluded from the primary analysis (n = 15), by reporting extreme energy intake on the Block FFQ, were assessed with descriptive statistics. In a logistic regression model involving all 144 participants, the relationship between DNT score and the odds of reporting extreme caloric intake was examined and adjusted for the same covariates noted above.
Results
Of 150 patients participating in the study, 144 (96%) completed a baseline Block FFQ and were included in this analysis. Patients failing to complete Block FFQs were younger (median age, 44; IQR, 34-46) than those who did complete it (median, 56; IQR, 48-62; P = .03] and more likely to be of nonwhite race (83% vs 33%, P = .02). No difference in median DNT score was observed between patients completing and not completing the Block FFQ (77% vs 67%, P = .53).
Patient characteristics by numeracy status and caloric intake are shown in Table 1 . The median age of the study sample was 56 years (IQR, 48-62). Two-thirds of study participants were white and just over half were women.
Over 75% of study participants were high school graduates, and over 90% had a health literacy level at the ninthgrade level or higher. The median score on the DNT was 67% (IQR, 43%-87%). Study participants had a median A1C of 8.3% (IQR, 7.5%-9.9%) at baseline. The median duration of diabetes was 8 years (IQR, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , and onethird of patients used insulin. Patients reported a median caloric intake of 1582 kcal/day (IQR, 1131-2160) with a median of 42% of daily energy intake from carbohydrates (IQR, 37%-50%).
Among those not reporting extreme caloric intake (n = 129), patients with lower numeracy were significantly more likely to be older, nonwhite, and women, with less than a high school education, with an annual income less than $20 000, and with less than a ninth-grade health literacy level (Table 1) . Patients with lower numeracy reported a lower daily energy intake than did patients with higher numeracy (1428 vs 1703 kcal/day, P = .20); however, this difference was not statistically significant. Patients with lower numeracy consumed higher percentages of daily caloric intake from carbohydrates (47% vs 42%, P = .008) and lower percentages of dietary intake from protein (16% vs 17%, P = .015) and fat (40% vs 42%, P = .048) compared with individuals with higher numeracy in unadjusted analyses (Table 1) . After adjustment for age, sex, race, and income, diabetes numeracy score was not associated with a difference in daily caloric intake or the percentage of daily energy intake from carbohydrates, fat, or protein (Table 2) .
Given the uncertainty about the accuracy of dietary intake reporting in patients with lower numeracy, patients In range: men, 800-4200 kcal/d; women, 500-3500 kcal/d. Out of range: men, < 800 or > 4200 kcal/d; women, < 500 or > 3500 kcal/d. b Includes only patients with caloric intake falling within prespecified range (n = 129). Baseline DNT score: higher, > 25%; lower, ≤ 25%. c Calculated as a percentage of total daily energy intake. *P < .05 (kcal intake: out of range vs in range). **P < .05 (numeracy: lower vs higher).
who were excluded from analysis according to the a priori definition of extreme energy intake 20, 21 were examined separately (Table 1) . Patients reporting extreme caloric intake (n = 15) were more likely to be nonwhite (67% vs 29%, P = .01) and have lower median DNT scores: 40% (IQR, 20%-67%) versus 73% (47%-87%; P = .02). Equal numbers of patients reported extremely low intake (n = 7; median, 659 kcal/day; IQR, 483-721) and extremely high intake (n = 8; median, 4483 kcal/d; IQR, 3915-5553). Patients with lower numeracy were more likely to report extreme energy intake (odds ratio = 27; 95% confidence interval: 3, 210; P = .002). This relationship persisted after adjustment for age, sex, race, and income (odds ratio = 17; 95% confidence interval: 1.6, 185; P = .02).
Discussion
In this study, individuals with lower numeracy consumed a greater proportion of their daily caloric intake from carbohydrates than individuals with higher numeracy; however, after adjustment for potential confounders, no association between numeracy and total energy or macronutrient intake was observed. Individuals with lower numeracy were more likely to report extreme caloric intake on the FFQ, raising concerns about the accuracy of dietary intake reports in diabetes patients with lower quantitative skills.
Although dietary management of diabetes is numeracy intensive and individuals with low numeracy struggle to accurately interpret food labels and estimate portion sizes, 8, 9 the anticipated association between low numeracy and reporting increased caloric and carbohydrate intake was not observed. This may be due to the small sample size, with lack of sufficient power, or in part related to residual confounding by complex psychological and societal influences on eating behaviors not accounted for. Additionally, high or low dietary intakes may be independent of numeracy status, especially when individuals are not actively engaged in dietary monitoring and self-management. Study participants also may have altered their dietary reporting on the basis of the perceived social desirability of their responses 24 and knowledge of participating in a diabetes education study.
A healthy diet focused on appropriate caloric intake is an important element of diabetes prevention and treatment. MNT emphasizes the importance of energy balance as a critical determinant of weight loss, weight maintenance, and diabetes management. 10 In this study, energy intake did not differ by numeracy status. Participants reported a median caloric intake of 1575 kcal per day, which is similar to the energy intake reported in other diabetes nutrition studies 25, 26 and studies suggesting that FFQs may underestimate energy intake. 16, 27 Although energy intake is not typically quantified in MNT or DMSE/T, energy and macronutrient intake reported on interviewer-administered dietary histories are comparable with reports on FFQs and 7-day dietary recalls. 28 Given the high frequency of dietary underreporting on FFQs, underestimation and underreporting of dietary intake during routine DMSE/T and MNT nutrition assessments may be common.
While the optimal distribution of macronutrient intake in the diet of patients with diabetes is unknown, participants in this study reported dietary intake of carbohydrates, protein, and fat similar to those recommended by the dietary reference intakes. 29 Individuals with lower numeracy reported significantly higher energy intake from carbohydrates in unadjusted analyses when compared with those with higher numeracy. Although this difference did not persist after adjustment for confounders, the association between low numeracy and basic nutrition skills 8, 9 may limit successful implementation of nutrition recommendations in individuals with low numeracy. Given that carbohydrate monitoring is critical to the nutritional management of diabetes, 10 these patients may benefit from simplified methods of carbohydrate monitoring, such as the plate method. 30 Dietary reporting requires numeracy skills to assess, interpret, and report portion size and frequency estimates of food consumption. The ability of patients with low numeracy to accurately report dietary intake, both in dietary interviews and on quantitative assessments such as the FFQ, is instrumental to DSME/T and MNT. 13 Although dietary history and FFQs are often conducted orally in an attempt to circumvent limited print literacy skills among respondents, this approach is unlikely to address low numeracy skills. Individuals with low socioeconomic status, 31 less than a high school education, 32, 33 obese individuals, 27 and female respondents 34 tend to have greater inaccuracies in dietary reporting on FFQs. Portion size has been associated with sex-related inaccuracies in dietary reporting. Although the Block FFQ accounts for portion size, its abbreviated food item list may underestimate sex differences in energy intake. 35 In this study, individuals with low numeracy had characteristics similar to those of individuals with low numeracy in other studies 7, 36 and were significantly more likely to report extreme energy intake, suggesting inaccurate reporting of dietary intake. 37 However, these results should be interpreted with caution given the secondary analysis, small sample size, and lack of a 24-hour dietary recall as a gold standard for comparison.
While alternate approaches to dietary assessment in the elderly and low income individuals have been examined, 34, 38 few FFQs have been validated in participants with lower literacy or numeracy skills. Validation studies of most FFQs have been conducted primarily with welleducated white men and women, and the validity of these instruments in socially and educationally disadvantaged populations is unknown. 34 Analytic approaches that exclude individuals reporting extreme caloric intake from analysis may systematically exclude individuals with lower numeracy from nutritional analyses and introduce bias. Further study of health literacy and numeracy in dietary assessment may help explain variation in dietary reporting.
Implications for Practice
Multiple aspects of MNT and DSME/T-including dietary assessment, carbohydrate and calorie counting, and execution of dietary recommendations-are heavily dependent on numeracy skills. Although low numeracy is associated with inaccurate portion size estimation, misinterpretation of food labels, and worse diabetes self-care, an association between numeracy and total energy intake or carbohydrate intake was not observed in this study. However, given the common use of numbers in DSME/T and MNT, additional research is needed in larger patient populations to determine the role of numeracy in DSME/T and MNT.
The American Association of Diabetes Educators recommends individualization of DSME/T and MNT based on an individual's health literacy, learning style, and selfcare skills; however, successful individualization of nutrition education depends on an accurate assessment of dietary intake. This study suggests that individuals with low numeracy are more likely to report energy intakes outside the expected range. This may reflect numeracyrelated challenges in reporting dietary intake. Although numeracy is not routinely measured in clinical practice, education level, print literacy, and verbal literacy skills are often used as proxies for numeracy. However, such approaches may be misleading when one attempts to assess dietary intake in DSME/T and MNT, as patients may have adequate verbal literacy skills but limited numeracy skills and difficulty performing basic math calculations. 2, 7 Individuals reporting low caloric intake may still struggle to lose weight as a result of underestimation of dietary intake and overestimation of expenditure. 39 This observation may be mediated by low numeracy and consideration of numeracy in the assessment of dietary history and quantification of dietary intake may be important.
Additionally, numeracy may influence the ability of individual patients to understand and successfully implement DMSE/T and MNT recommendations. Literacy-and numeracy-sensitive approaches to DMSE/T and MNT have been developed and shown to improve glycemic control. 30, 36 The development of numeracy-sensitive approaches to dietary assessment may further improve not only the measurement of dietary intake but also the effectiveness of DMSE/T and MNT. Providers who assess dietary intake in patients with diabetes may need to consider numeracy when taking dietary histories, measuring dietary intake, and providing dietary recommendations.
